In secondary F' cells of Escherichia coli K12, in which a segment of DNA is represented both on the chromosome and on the F-genote, crossing over in the region of homology is so frequent that a dynamic equilibrium exists between the integrated and detached states of the episome (Fig. 1) . The rate constants for integration and detachment of a small F-genote have been estimated to be 0.1 and 0.9 per cell per generation, respectively (1) .
In 1963, Jacob, Brenner, and Cuzin reported that if a secondary F' is constructed containing a temperaturesensitive F-lac, selection for stable Lac + clones at 420 (the nonpermissive temperature for replication of the autonomous F-lac) permits the isolation of rare Hfr strains in which the F-lac has become stably integrated into the chromosome (2) . The genomic structure that they proposed for such Hfrs is shown in Fig. 2 . No explanation was offered for the occurrence of stable F-lac integration, but it is cleari that the normal process of episomal detachment has been blocked in these strains.
We have used Jacob, Brenner, and Cuzin's technique to isolate a new Hfr strain, PB15, in which a temperature-sensitive F-gal (F8-1) is stably integrated into the chromosome (3). The genomic structure of PB15, as a first approximation, is shown in Fig. 3 . We have conducted two series of investigations with this strain. One series, reported in our paper (3) , showed that during conjugation PB15 undergoes an abnormal process of excision and transfer of chromosomal segments, a process that was revealed thanks to the blockage of normal F-gal detachment. The other series, reported below, was designed to discover the nature of that blockage. Two 
RESULTS
The presence of galT12 in PB15 PB15 is phenotypically Gal+; if one of its duplicated regions had been deleted, it would necessarily have been that of the original F-ancestor, carrying the galT12 mutation. On the contrary, we have been able to confirm the presence of galT12 in PB15 in two ways:
(a) By Transfer to gal+ Recipients. PB15 was mated with proC-gal+ strains AB1515 and x820, and proC+ recombinants were selected. Of 1300 such recombinants, three were found to be gal-. This is a very low frequency for inheritance of a proximal marker, and probably results from the close proximity of the transfer origin. Nevertheless, the positive results establish the presence of a gal-mutation in the earlytransferred region of PB15's chromosome.
(b) By the Appearance of Revertible, Gal-Segregants. Both PB15 and its F' parent, PB71, segregate F-Gal-clones at low frequency (3) . If PB15 or its parent had undergone deletion of the gal-chromosomal region, the loss of F-gal+ should produce female cells with gal deletions, rather than point mutations. On the contrary, we have found that PB236, a Gal-segregant of PB15, is capable of reversion to Gal+, both spontaneously and after treatment with diethylsulfate or nitrosoguanidine. The reversion frequencies were 1 X 10-8 (spontaneous), 4.6 X 10-(diethylsulfate), and 1 X 10-7 (N-methyl-N'-nitro-N-nitrosoguanidine). If PB15 were Rec-, it should be relatively sensitive to killing by ultraviolet light (4) . As a more direct test, F-segregants of PB15 should be able to receive F-genotes but not to integrate markers transferred from an Hfr donor.
Both of these predictions have been tested. PB15 was found to be comparable to Rec+ strains in its resistance to ultraviolet light (Fig. 4) , and an F-segregant of PB15, when made streptomycin-resistant and used as a recipient in crosses with an Hfr donor, was able to form chromosomal recombinants at a normal rate. Thus, the possibility that PB15 is recombination-deficient has been ruled out. induction of X-lysogens of E. coli leads to the "escape synthesis" of the gal-determined enzymes (5 (a) Inverted Integration. We use this term to denote the type of integration shown in Fig. 5 . The net effect, for a secondary F' such as the parent of PB15, is to produce the type of structure shown in Fig. 5C . Note that the Hfr produced by such a crossover must transfer its chromosome in the direction opposite to that expected in the parental F' strain. More importantly, note that any number of crossovers within the region of duplication, whether odd or even, serves only to scramble the order of parental gal genes: neither reversal of transfer direction nor detachment will take place. Detachment can only occur if a second inversion occurs, giving both regions the same orientation.
(b) Postintegration Inversion. Integration may occur by a normal crossover, followed by inversion of one of the duplicated regions (Fig. 6) . Pairing in such a structure would take the form shown in Fig. 6E : note that crossing-over within such a structure, while again failing to produce detachment, may affect the transfer process. An odd number of crossovers will reverse the direction, while an even number will scramble the parental gal genes while leaving the transfer direction unchanged. Again, detachment requires the occurrence of a second inversion event. The structure shown in Fig. 5C (inverted integration) can be ruled out for strain PB15, since the great majority of the cells transfer their chromosome in the same direction as the F' parent (gal-------proA+ ). All our observations on PB15 to date, however, are compatible with the inversion structure shown in Fig. 6D . Thus, PB15 transfers markers to the right (e.g., gal+, bio+, trp+) as well as to the left of the integrated sex factor, albeit at low frequency. At this time, however, we cannot rule out the formation of the observed recombinant classes by the transfer of enlarged F-genotes, followed by marker integration and sex factor loss, a process that occurs in PB15 (3).
We were able to perform a direct test of inversion of the right-hand gal operon in PB15, and to show that it is not inverted. Unfortunately, our method does not permit a direct test of the orientation of the left-hand gal operon. Final proof of inversion as the cause of stable F-gal integration in PB15 will require a direct demonstration that this operon is inverted.
Genetic inversions do occur in bacteria. For example, the genetic maps produced by Sanderson (8) and Taylor (9) show that the trp-cysB-pyrF sequence in Salmonella is inverted with respect to its orientation in E. coli, the map orders being otherwise highly congruent. Furthermore, inversion has been shown to occur during F-genote excision (10) and integration (11) demonstrated the presence of inverted duplications in E. coli DNA, using the techniques of molecular hybridization and electron microscopy (12) . Thus, the trapping of integrated episomes by appropriate inversions may be expected to have occurred, and to have played a role in the evolution of bacterial genomes.
